prolonged activation that lasted up to 2 min following 1B 2, 1C 1 , and 1C 2 ). Excitation was preceded by a brief, 2 s of odorant stimulation ( Figure 3D ). These responses small hyperpolarization and ceased within 2 s following consisted of depolarization and vigorous spiking during the end of odorant pulses. Heptanal, a longer hydrocareach inhalation. All-or-none spikes of smaller amplibon chain aldehyde, activated glomeruli 500-800 m tudes (Ͻ20 mV) and short duration (half amplitude duraanterior to the recording site and strongly inhibited the tion ϭ ‫2ف‬ ms) were often observed during activation cell. The inhibitory response consisted of membrane ( Figure 3D inset). These small spikes persisted during an potential hyperpolarization and reduced spiking activity applied hyperpolarization that suppressed large action during odorant application. Brief depolarization and firpotentials, suggesting that they were fast pre-potentials ing of action potentials synchronized with the breathing originating from dendrites (Mori et al., 1982) . cycle were frequently observed riding on top of the inhibitory responses (Figure 1B 3 ) . Following the end of heptanal pulses, the neuron rapidly depolarized and fired vig-
Response Correlation Maps of Mitral/Tufted Cells
The strong relationship between the spatial patterns of orously for several seconds ( Figures 1B 3 and 1C 3 ). This cell was not obviously affected by propyl acetate and glomerular activation and the response profiles of mitral/ tufted cells suggested that the overall field of responsive was inhibited by butyl acetate, which activated the lateral part of the bulb (Figures 1B 4 -1B 5 and 1C 4 -1C 5 ) . glomeruli could be defined by neuronal olfactory responses and the spatial location of activated glomeruli. The soma of this cell was located within the dorsal mitral cell layer directly beneath the electrode penetraTo construct response correlation maps (RCMs) of mitral/tufted cells, we correlated the intracellular electrical tion site. Its basal dendrites extended widely within the external plexiform layer (Figure 1D 1 ) . The apical dendrite responses to the spatial pattern of optically recorded Figures 6B and 6C) .
with the on-responses ( Figure 7A ), most likely because Figure 7A 1 ), several showed of short duration (half amplitude duration ϭ ‫2ف‬ ms) rapid, abrupt change in the sign and degree of correlaand variable amplitude (3-10 mV) were also frequently tion (e.g., Figure 7A 2 ), a consequence of dramatic changes observed, occasionally preceding large action potenin inhibitory domains in both sign and amplitude during tials (Figure 8B 4 inset) . These small spikes were not due odorant application (e.g., heptanal domains within the to poor recording quality, as the size of action potentials anterior bulbs for both cells in Figures 6B and 6C Instead, the activity changes of granule cells were correlated with the extent of overall activated area (r ϭ 0.28, p ϭ 0.10 for membrane potential change; r ϭ 0.36, p Ͻ 0.05 for firing rate change).
Discussion
In this study of the mouse olfactory bulb, we constructed response correlation maps by correlating the intracellularly recorded response patterns of mitral/tufted cells with spatial patterns of glomerular activation in response to different odorants. We found that mitral/tufted cells are strongly excited by odorants activating the glomerular areas innervated by their apical dendritic tufts, and are strongly inhibited by odorants activating nearby surrounding areas. This suggests that mitral/tufted cells have receptive fields consisting of an excitatory center and a largely inhibitory surround. Despite rich temporal patterns in the electrophysiological responses to odorants, the overall structure of response correlation maps of mitral/tufted cell evolves into a center-surround organization. Major changes occur both at the onset of and following the termination of odorant pulses.
Different Definitions of Olfactory Receptive Field
The receptive field is arguably one of the most fundamental concepts in studying sensory systems. In the visual system, for example, analysis of receptive field properties was essential for understanding the functional architecture of visual cortex (Hubel and Wiesel, 1968) . Examining the receptive field structure is similarly important for understanding the function and organiza- linked to the molecular receptive range of glomeruli. In the response patterns of underlying mitral/tufted cells (Figures 1-3) . Moreover, the excitation of mitral cells is addition, the glomerular layer contains the entire set of stimuli for bulbar and cortical neurons and is thus well significantly correlated with the level of activation within a focal region surrounding their associated glomerulus defined. The spatial location of glomeruli is easily quantifiable. More importantly, advancement in imaging tech- (Figures 1 and 4 perfused with saline and 4% paraformaldehyde, and its brain was Once anesthetized, animals were mounted in a custom-made stecryoprotected with 30% sucrose. Parasagittal sections (60 m) were reotaxic apparatus and kept warm (39ЊC) with an electric heating cut with a freezing microtome and reacted with 0.1% Alexa 488-pad. The breathing efforts of the animals were monitored by a strain streptavidin (Molecular Probes, Eugene, OR). Sections were gage (type KFG-3-120, Omega, Stamford, CT) affixed to chest skin mounted with mounting medium containing DAPI (H-1200, Vector with rubber cement. The strain gage was connected to a bridge Laboratories) to counterstain cell nuclei. Cell morphology was remodule (BCM-1, Omega). Signals were amplified by a strain gage constructed by camera lucida drawing of several parasagittal secamplifier (DMD-465, Omega) and further filtered by a custom-made tions. Glomeruli and layers within the olfactory bulbs were delinelow pass filter (cutoff frequency ϭ ‫01ف‬ Hz).
ated by DAPI staining. 
Optical Imaging of Intrinsic Signals

